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Disclosed is a device for generating an analog output signal indicative of an impact to a transucer The 
tranducer may be mounted on protective equipment utilized in various martial arts fields such as ' 
headgear, hand or footgear, protective vests and the like or can be mounted on training 'equipment such 
as a heavy bag, striking pad, etc. In a preferred embodiment the transducer is a piezoelectric film which 
upon deformation, generates an electrical signal which is indicative of the amount of deformation Bv ' 
placing the piezoelectric film on top of a deformable material, in a preferred embodiment sandwiching it in 
the deformable material, (mpacts to the deformable material will strain the piezoelectric film generating the 
signal output. In a further embodiement of the present invention, the piezoelectric transducer is mounted 
on a target pad and provides an analog output indicative of the characteristic of an object impacting the 
target pad, i.e., baseball, softball, tennis ball, hockey puck, golf ball, etc. For use in the martial arts the 
transducer may be connected to a transmitter and remote receiver for providing an indication of the 
impact at a remote location. In further preferred embodiments, the transucers may be mounted on one 
participants headgear so as to provide an indication of impacts delivered to that participant by another 
participant in the sport or mounted on the hands or feet of the participant to provide a signal by means of 
a flexible transducer mounted on the hand or foot, thus providing an indication of a flow delivered to 
another party. 
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© Impact measuring system and method. 
© Disclosed is a device for generating an analog output 
signal indicative of an impact to a transducer. The transducer 
may be mounted on protective equipment utilized in various 
martial arts fields, such as headgear, hand or footgear, prot- 
ective vests and the like or can be mounted on training equip- 
ment, such as a heavy bag, striking pad, etc. In e preferred 
embodiment the transducer is a piezoelectric film which 
upon deformation, generates an electrical signal which is in- 
dicative of the amount of deformation. By. placing the pie- 
zoelectric film on top of a deformable material, in a preferred 
embodiment sandwiching it in the deformable material, im- 
pacts to the deformable material will strain the piezoelectric 
film generating the signal output. In a further embodiment of 
the present invention, the piezoelectric transducer is moun- 
ted on a target pad and provides an analog output indicative 
of the characteristic of anobject impacting the target pad i e 
baseball. Softball, tennis bail, hockey puck, golf ball, etc! For 
use in the martial erts, the transducer may be connected to e 
transmitter and remote receiver for providing an indication of 
the impact at a remote location. In further preferred embodi- 
ments, the transducers may be mounted on one participant's 
headgear so as to provide an indication of impacts delivered 
to that participant by another participant in the sport or 
mounted on the hends or feet of the participant to provide a 
signal by means of a flexible transducer mounted on the hand 
or foot, thus providing en indication of a blow delivered to 
another party. 
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SPORTS SCORING SYSTEM AND METHOD 



Technical Field 

This invention relates generally to the field of eval- 
uating performance in physical contests involving body maneuver- 
ing, and more specifically to scoring in matches between practi- 
tioners of the martial arts. 

Background Art 

Martial arts such as karate, kung-fu, tae-kwon do, 
kick-boxing, boxing, and others, enjoy increasing popularity as 
Physical sports and mental disciplines. Many of these martial 
arts are the present day successors to ancient forms of hand to 
hand combat practiced in various regions of the Orient. 

Today, the competitive asects of these martial arts are 
generally practiced by fighters in a ring (with or without ropes 
15 on the perimeter) similar to the type used in boxing. 

These martial arts employ, in both their training 
regime and competition matches, full-contact contest formats, or 
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non-contact or light contact (controlled) sparring sessions, with 
opponents of approximately equal experience and weight. This 
training must be done on a regular basis to be effective in de- 
veloping the requisite skills to defend oneself in a self-defense 
situation or to perform optimally in an organized competition. 

In the non-contact or light contact modes of sparring 
practice, martial arts such as karate, kung-fu, etc., differ from 
professional boxing. In practice of these martial arts, offen- 
sive "techniques", i.e., attach moves, are executed or 
"delivered" toward an opponent's body with full power and speed. 
They are, however, ideally controlled, "pulled- or stopped just 
short of actual physical contact, or upon only light contact, 
depending on applicable rules of the competition. This restraint 
is not only employed because of the great potential for serious 
15 injury that can result from a skillfully delivered unrestrained 
martial arts technique, but also because this precise control 
demonstrates mental discipline and physical prowess on the part 
of the combatant. 

A point may be awarded to a fighter when he or she 
delivers an unblocked attack or technique to the neighborhood of 
a designated legal target or "vital- area of the opponent's body, 
with sufficient speed, power and form to be adjudged to poten- 
tially cause damage to the opponent's body if not controlled. 
Vital areas include the kidneys, solar plexus, face, groin, etc. 
25 An added requirement is that a point will be awarded only when a 
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technique threatens a designated vital or target area with impact 
by a predetermined "designated hitting surface" of the attacking 
fighter's body. Designated hitting surface areas include for 
example the first two knuckles of a closed fist, the side of the 

5 hand, and the ball of the- foot. 

Excessive contact in delivering a technioue in non- 
contact or lieht contact matches can cause a fighter to be dis- 
qualified, or be denied points, for that technique. 

A problem created by non-contact or light contact 

10 sports, such as these controlled martial arts sparring exercises, 
is that accurate scoring is predicated on the subjective evalua- 
tion of an exchange of techniques between the fighters, either by 
the fighters themselves, or by as many as five experienced 
judges, strategically positioned in tournament matches at corners 

15 of the ring and within the ring itself. Dependence on this sub- 
jective judgment sometimes results in improperly awarded points, 
missed points, excessive contact (by a participant attempting to 
forcefully "record" his point unmistakably for the judges) and in 
second punching by the defending fighter because he ignored, by 

20 design or accident, his opponent's scoring technique. 

Martial arts fighters can maneuver their bodies and 
deliver attacks or techniaues toward their opponents with extreme 
speed in flurries of action. The degree of this speed amplifies 
the difficulty in determining when points are scored. Even where 

25 several officials are employed to judge a match, visual identifi- 
cation of scoring maneuvers is difficult. Disagreement between 
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officials often occurs, due to inequality of perspective enjoyed 
by the various officials. Moreoever, visual acuity may vary 
among officials, and even, over time, in the same official. 

Participatents in the sports of Professional Boxing, 

5 Professional Karate and Kickboxing, etc. deliver their techniques 
with full power and speed in competitive matches with the goal of 
rendering their opponent temporarily incapacitated. A scoring 
system based on the visible accumulation of damaging blows repre- 
sents one mode of measuring the effectiveness of a fighter's 

10 technique. The rigorous nature of such contests limits partici- 
pation and offers potential for injury to the combatants. Full 
contact matches that end without a knockout or TKO are subject to 
subjective scoring as are the non-contact and light contact 
matches . 

15 Martial arts practitioners in increasing numbers wear 

protective garments including padding that covers the fighters' 
designated hitting areas, such as the hands and feet. Such pro- 
tective garb is very popular as a means of preventing injuries 
due to accidental contact. Their use is mandated in the great 

2 0 majority of tournaments in the United States and Canada. 

An interesting, but crude, proposal has been made in 
the hope of improving scoring accuracy in martial arts matches. 
According to this proposal, each fighter wears a vest-like gar- 
ment having numerous pockets, each pocket being positioned over a 

25 vita] area of the fighter's body. Inflatable components, re- 
sembling balloons, are placed in the pockets. When the opposing 
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fighter delivers a technique to the neighborhood of a vital area, 
the corresponding balloon is struck and is said to burst, indi- 
cating that the technique was in fact delivered to the neighbor- 
hood of the associated vital area. 

A significant problem with this proposal is that, once 
a balloon bursts, it can indicate no further results of action. 
With this proposal, the fight must be stopped after each point 
and a new balloon inserted into the appropriate pocket. Such a 
limitation renders impractical the proposed system. 

Another disadvantage of the proposed system is that, 
while it can indicate when a vital area is contacted, it cannot 
distinguish between hits utilizing designated hitting areas and 
hits made with non-scoring other parts of the attacking fighter's 
body. 

Further disadvantages in the proposed system are that 
the actual force of each blow is not quant i tat ively measured and 
no provision is made for participants who prefer sparring without 
the requirement of receiving or delivering contacting blows. 

A general object of this invention is the provision of 
a method for accurate, repeatable, quantitative measurement of 
the actual force of a blow that a fighter receives to his legal 
target area. Similar objects are envisioned in training imple- 
ments generally to indicate the force generated by the execution 
of technioues on or by use of the implement during practice. It 
is a further object to provide indication of the velocity, force 
and/or energy of impacts on a training device. 
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Sunmarv of the Invents 

The disadvantages of the prior art are reduced or elim- 
inated, in one embodiment of the invention, by a system for 
assisting in scoring in a physical contest involving bodily con- 
tact between two contestants, wherein the occurrence of bodily 
contact affects scoring. -Bodily contact" includes both striking 
by a part of another contestant's body, and striking with an im- 
plement. The system includes an electromechanical transducer 
detector and means for mounting at least a portion of the detec- 
tor proximate the body of a first contestant. The detector is 
coupled to means for producing an indication in response to 
application of force to the detector. 

Such a system thus incorporates a transducer for trans- 
lating physical force applied to the region of the transducer to 
electrical signals, which are used to provide a repeatable and 
accurate reflection of the delivery of blows by one contestant to 
the body region of another. 

In a more specific embodiment, the tansducer produces a 
signal having a value which is a function of the amount of force 
applied in delivery of the blow. Such a system enables the ob- 
jective evaluation of the force, and efficacy, of the applied 
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in another specific aspect, the tansducer is mounted on 
or incorporated into a garment to be worn by one of the contes- 
tants. The transducer can thus be fixed to be positioned proxi- 
mate only a, "vital", or valid scoring target area of the wearer 
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contestant's body. Accordingly, the transducer will react to 
blows impinging in the region of the target area, and will not 
react to blows delivered to other, non-scoring areas of the con- 
testant's body. 

According to another specific feature, the garment to 
which the detector is affixed comprises a vest at least partially 
made of protective foam padding. In this manner, the scoring 
detector system can be incorporated into a garment which provides 
effective protection and insulation from blows which might other- 
wise harm a contestant. 

In accordance with a further specific feature, the 
detector comprises a portion of piezoelectric film. When the 
Piezoelectric film is struck, as with a blow delivered toward the 
wearer contestant's body, the film produces an electrical voltage 
signal between the sandwiching conductive layers, which can be 
detected and utilized to provide a tangible indication of the 
occurrence and/or the force of the blow. 

In accordance with a further specific embodiment, the 
system includes a radio transmitter electrically coupled to the 
detector, also mounted proximate the body of the wearer contes- 
tant, in combination with a radio receiver for detecting blow- 
indicating transmission from the transmitter at a relatively 
remote location, such as at a scorer's table or the like. 

The receiver is optimally coupled to display and/or 
recording apparatus for providing tangible audible or visual 
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indications and/or recordings of the occurrence and force charac- 
teristics of blows delivered to the contestant wearing the detec- 
tor. The detector can be worn on a protective vest and/or head- 
gear to indicate the characteristics of an impact delivered to a 
person or can also be worn on a glove or protective footgear to 
indicate the impact delivered by that person. 

The principles of the scoring detection unit can also 
be incorporated in practice apparatus for use in martial arts 
training by a single participant executing training maneuvers. 

] Such an apparatus for training includes an object suitable for 
absorbing blows, and an electromechanical transducer mounted in 
or on the object to receive and respond to impact from such a 
blow. Means is coupled to the transducer for indicating the 
occurrence and/or force of the blow to the region of the striking 

5 object proximate the transducer. 

By use of such an apparatus, a person training for 
physical competition can effectively evaluate, or have evaluated, 
the force of blows he delivers to the striking object, and there- 
by monitor his or her progress in learning to deliver to the 

0 object blows of greater force and accuracy. 

In specific embodiments, the striking object can in- 
clude a lierht or heavy punching bag, a so-called "hitting pad" 
mounted on a wall or other stationary fixture, for striking by a 
martial arts or other sports participant during training, or 

;5 other sports training device, such as a football blocking dunrny 
or sled. 
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In accordance with a more specific embodiment of both 
the contact sensing contestant-worn detector, and of the training 
apparatus described above, means is provided for distinguishing 
among blows of different characteristics. In accordance with 
this specific embodiment, a differentiator is coupled in series 
between the electromechanical transducer and the transmitter. 
Thus equipped, the system responds preferentially to sharp blows 
causing the generating of fast rising electrical signals. A peak 
detector can optionally be provided, such that the system will 
react to only signals having amplitude above a predetermined 
minimum. This embodiment thus discards blows which are glancing 
scratching or brushing in nature, and which are generally charac- 
terized by relatively low amplitude and sometimes by low fre- 
quency in the electrical signals generated by the transducer in 
response to such blows. 

In a further embodiment, a detector is mounted in a 
target pad and measures the impact characteristics of various ob- 
jects striking the pad. This could indicate velocity of a tennis 
ball, golf ball, hockey puck, etc. although a preferred embodi- 
ment indicates the velocity of a baseball or softbalK 

Brief Description of the Drawings 

These and other features of the present invention will 
become apparent from study of the following specific description, 
and of the drawings, in which: 
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Figure 1 is a pictorial view illustrating a pair of 
martial arts contestants utilizing an embodiment of the present 
invention; 

Figure 2 is a pictorial illustration of a pair of 
fencers utilizing the embodiment of the invention illustrated in 

Figure 1; 

Figure 3 is a detailed cross-sectional view illustrat- 
ing a portion of the embodiment of the invention shown in Figure 

i; 

Figures 4 and 5 are pictorial illustrations of a var- 
iant of the embodiment of Figures 1-3; 

Figure 6 is a block diagram illustrating details of 
electrical circuitry incorporated in the embodiment of the inven- 
tion illustrated in Figures 1-3; 

Figures 7 and 8 are schematic drawings illustrating a 
portion of the circuitry shown in block form in Figure 6; 

Figures 9 and 10 are side and top views of a heavy bag 
embod iment ; 

Figure 11 is a perspective view of a striking pad em- 
bodiment of the present invention; 

Figure 12 is a side cross-sectional view of the base- 
ball velocity measurement embodiment; 
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Figure 13 is a side partial cross-sectional view of 
protective headgear equipped with an impact monitor; and 

Figures 14 and 15 are cross-sectional views of protec- 
tive gloves and footwear embodiments with impact monitoring de- 
vices. 

Detailed Description of Preferred Embodiments 
Contact Scoring Embodiment 

Figure 1 illustrates two contestants A and B engaged in 
the practice of the martial arts. The contestants A and B are 
shown maneuvering to deliver martial arts techniques towards each 
others 1 bodies by the use of their hands and feet. The hands may 
be covered by protective gloves, such as 10, and the feet by 
protective footwear such as illustrated at 12. 

Each contestant also wears another garment, i.e., a 
vest, such as shown at 14 being worn by contestant B and by 
reference character 16 as being worn by contestant A. The vests 
14, 16 incorporate an embodiment of the present invention, which 
will be described in more detail below. 

Figure 2 illustrates two other contestants C and D, 
engaged in the practice of the martial art of fencing. Each of 
the contestants C and D wears a vest such as illustrated at 18, 

20 similar to the vests 14, 16 illustrated in Figure 1. The use 

i 

of the present invention can be extended to virtually all contact 
sports, such as football, etc. 
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The shaded portions 15, 17 of the vests 14, 16 define 
force-sensitive active sensing areas and contain components for 
sensing the force of blows delivered to and contacting those 
areas of the vests. 

; Figure 3 is a cross-sectional view of part of the 

shaded portion of one of the vests 14, 16. The portion of the 
vest illustrated in Figure 3 is of a laminate construction. 

Referring to Figure 3, there is illustrated a layer 22 
of protective padding material. The padding material 22 com- 

0 prises an approximately 1 inch thick layer of relatively dense 
closed cell foam, of the well-known variety sold under the trade- 
mark ENSOLITE. 

Also illustrated in Figure 3 is a layer 24 of piezo- 
electric film, polyvinylidene fluoride (PVDF), sandwiched between 

5 thin metallized layers 26, 28 of electrically conductive metal. 
The combination of the piezoelectric film layer 24, combined with 
the two opposed layers 26, 28 of conductive metal are available 
for purchase as an integral manufactured pliable sheet product 
known by the trademark KYNAR, manufactured by Pennwalt 

:0 Corporation, 900 First Avenue, King of Prussia, Pennsylvania 
19406, USA. 

In the particular embodiment described here, the piezo- 
electric film is approximately 28 microns in thickness. The 
metallic layers 26, 28 comprise layers of silver approximately 
0.1 microns in thickness. Nickel and aluminum are also satisfac- 
tory metallic elements for comprising the layers 26, 28. 
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Each of the metallic layers 28, 26 is coupled to con- 
necting circuitry by way of respective conductive connection 
strips 30, 32, which may be made of any suitable conductive 
metal, such as silver or copper. 

The padding material layer 22 is bonded to the metallic 
layer 26 by means of a suitable noh-conducti Ve adhesive material. 

The conductive strips 30, 32 are bonded to the respec- 
tive metallic layers 26, 28 by means of a suitable conducting 
adhesive interposed between the respective strips and metallic 
layers. 

Optionally, the metallic layer 28 is bonded with non- 
conductive adhesive to a layer 34 of a strong, pliable plastic 
material well known and sold under the trademark MYLAR, having a 
thickness of approximately 0.127 mm. The layer 34 serves to 

provide physical strength and integrity to the outer facing sur- 
face of the assembly described in connection with Figure 3. 

Additionally, an outer protective and decorative coat 
of vinyl, such as at 36, can be provided on both sides of the 
vest by means of dipping or spraying. 

As illustrated in the Figure 3 cross section, the pro- 
tective layer 22 is worn immediately adjacent the body of the 
contestant. Thus, metallic layer 26 is toward the inside, rela- 
tive to the piezoelectric layer 24, and layer 28 faces toward the 
outer portion, away from the wearer's body. 
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Wben the assembly of components illostrsted in Figure 3 
in cross section is incorporated into the shaded aeUve se„s,„ e 

eontesten. es descr.b.d .hove, contacting bIo ws „„„, 
the right ss shown in F , 8urs 3 , produce ,„ Uy ^ 
trieal signals et the conductive strips 30, 32. The piezo- 
electric film comprises en eleo.romechanice. transducer which 
responds to mechanical force to produce a voltage hetween its 
opposite sides. This vol,.,,, ls c<)I , ei , ctcd „ y Uyers 
26, 28 ,o the respective conducting .trips 30, 32, trom wllicll 
«Hey are transferred ,o other detection end indicating circuitry 
which will be described in more det.il below. 

Tests heve shown ,„.,, in typioaJ ^ ^ 

other sports practice situations, blows imp,» gins „„ one hmM „ 
competitor and administered by another, or by an instrument 
Produce signals a, the conducive strips 30, 33 .re o, 

sufficient magnitude to render them easily detectable with tela- 
lively simple detection circuitry. 

'n addition to providing a force sensing or „„,«, 
sensing (unctio „, the strue(ure m „ UM ^ ^ ^ 

Figure 3 a, s0 provides a physics! protective effect, by virtue of 
.be padding Uyer „. Thus, the force sensing scoring system ,. 
■n.egr.ted with the protective garment normal!, worn by . mrtui 
arts contestant, or fighter. 
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In one embodiment, the entire shaded active sensing 
areas of the vests as shown in Figure 1 have incorporated therein 
a single integral sheet of the KYNAR piezoelectric material, 
which covers the whole active sensing area. Alternatively, how- 
ever, as shown in Figure 4, one can utilize, instead of the 
single sheet covering the entire expanse of active sensing area, 
strips 40 of KYNAR material coupled together electrically by the 
use of copper tape 42 or by patterned electrode metallizations, 
for good signal generation and economy. 

In another embodiment, the sheets can be arranged in a 
criss-cross matrix pattern, as shown in Figure 5 at reference 
character 44. These other embodiments incorporating strips of 
piezoelectric material can be used to achieve a broad active 
sensing area without the need for purchase of sufficient amounts 
15 of piezoelectric material to actually cover the entire active 
sensing area, thus reducing cost. 

The system of this invention has the capability of 
registering not only the fact of the delivery of a blow to a con- 
testant's vest active sensing area, but also registering the 
20 amount of force generated by administration of the impinging blow 
due to the piezoelectric material's characteristic of producing 
electric signals whose amplitude is a function of the force of a 
blow. 

Various types of display and recordation apparatus can 
25 be incorporated into, or used in conjunction with, the receiver. 
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For example, a light emitting diode (LED) bar can be used as a 
display, as can ordinary meters. Alternately, or in addition, a 
voltage controlled oscillator (VOO) whose generated frequency 
varies with the amount of voltage input thereto, can be coupled 
to a speaker and used to emit audible sound in response to the 
impingement of blows by one contestant upon another. The fre- 
quency of the emitted sound, as governed by the voltage con- 
trolled oscillator, rises as a function of the amount of force 
applied in the delivery of a particular blow to which he receiver 
responds. A means of recording a series of blows comprises a 
strip chart recorder coupled to or integrated in the receiver in 
order to produce a lasting representation of the occurrence and 
force of applied blows plotted against time. 

Alternatively, the radio transmitter/receiver arrange- 
ment can be omitted, and signals from a sensing vest can be tans- 
mitted to a monitoring location by conventional conductive leads 
(not shown) coupled to the conductive strips. 

A block diagram describing circuitry for detecting, 
displaying and recording signals from the conductive strips 30, 
32 is described in connection with Figure 6. 

Leads 60, 62 are coupled to the conductive strips 30, 
32 and carry signals constituting or corresponding to those gene- 
rated by the piezoelectric transducer component. The signals 
from the leads 60, 62 are v applied to a front end amplifier 64, 



• • • 

0222640 



which can comprise a MOSFET or JFET amplifier in a voltage fol- 
lower configuration. The input impedance of this voltage fol- 
lower can be adjusted so that a signal of the proper voltage 
level is coupled to the next stage. Its offset voltage is also 
5 adjustable to obtain preferably a zero offset voltage. The front 
end amplifier 64 is designed to match the transducer signals and 
circuitry to the downstream detector circuitry, and can be read- 
ily selected from well known circuitry. This matching capability 
is desirable because the output from the piezoelectric transducer 

10 can vary with conditions of use, such as size and strength of 
fighters, area of the force applied by a blow, and other factors. 

The next stage is an analog transmission gate 66. This 
stage is optional and would be used when a non-contact sensing 
mode is used simultaneously with the contacting sensing mode. 

15 The gate 66 is responsive to a gating signal appearing on a lead 
68. In an instance of a first signal level at the lead 68, the 
gate 66 transmits the signals from the component 64 to a lead 
70. In the instance of a second condition on the gating signal 
68, the gate 66 blocks such signals. The use of the analog 

20 transmission gate 66 will be discussed in more detail below. For 
the moment, one should assume that the transmission gate 66 re- 
mains continuously in its transmissive condition, passing signals 
from the front end amplifier 64 to the next stage which is a peak 
detector 67. The peak detector is basically a rectifying circuit 

25 that detects the peak voltage of the incoming signal in response 
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to the strength of the blow delivered to the piezoelectric trans- 
ducer. The voltage output of the peak detector is able to hold 
in known fashion for a short time to allow the display of the 
peak value in later stages. The holding time can be adjusted by 
the time constant of a capacitor and resistor network in the peak 
detector at the output end. The peak detector 67 is connected to 
a driver amplifier 68a which provides sufficient power to drive 
the output channels. Instead of connecting the analog transmis- 
sion-gate 66 directly to the peak detector 67, it is optional to 
add a differentiator 71 that mainly consists of a capacitor and 
resistor such that the signal is taken from across the resistor 
as shown in Figure 6. The differentiator allows the measurement 
of the time derivative of the signal and thus is indicative of 
the velocity of the blow applied. 

The lead 70 divides into several parallel channels. In 
a first channel, the transmitted signal is directed to a voltage 
comparator 72. The output of the voltage comparator is a func- 
tion of the difference between the signal applied at the lead 70 
and another predetermined threshold value. Only signals exceed- 
ing the threshold values are passed on, the other being dis- 
carded. The signal from the comparator 72 is directed to an LED 
driver circuit 74. In such a display, the length of a displayed 
bar corresponds as a function of the magnitude of the signal 
appearing at the lead 70, which in turn indicates the force of an 
applied blow. 
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Another channel includes an A-to-D converter 77 and an 
LED driver circuit 78 which is coupled to drive an LED seven- 
segment display 79. This channel involves the use of a sequence 
of separate light emitting diodes, the number of diodes being 
lighted corresponding to the force of an applied blow. 

Another channel from the lead 70 is directed to a volt- 
ape controlled oscillator (VOO) 82, and subsequently to a power 
amplifier 84 and speaker 86. The VCO 82 responds to produce an 
output having a frequency which is a function of the magnitude of 
the signal at the lead 70. The output of the VCO 82 is amplified 
by the amplifier 84, and its output applied, in turn, to the 
speaker 86. The speaker 86 produces an audible signal whose 
frequency is an increasing function of the signal at the lead 70, 
and is an increasing function of the force delivered by a con- 
15 tacting blow. 

Another output of the lead 70 follows a channel to a 
recorder apparatus 88. The recorder apparatus 88 is a device for 
making a permanent record, against time, of the signal appearing 
at the lead 70. In a preferred embodiment, the recorder 88 con- 

20 stitutes a strip chart recorder of known design and construction. 

Another channel of the output at the lead 70 is di- 
rected to a radio frequency (RF) transmitter 89. The RF trans- 
mitter 89 produces radio frequency signals (either amplitude 
modulated or frequency modulated) which correspond to and repre- 

25 sent the magnitude of the signal appearing at the lead 70. The 
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radio frequency transmitter 89 is a miniature transistorized 
transmitter which is sufficiently small and light to be mounted 
on a portion of the vest 14, 16, as shown in Figure 1, on the 
upper part of the vest near the rear of the shoulder. A receiver 
89a at a remote location could provide a signal representative of 
the transduucer signal to a remote display 89b. 

Another channel of the output at the lead 70 is di*- 
rected to an oscilloscope 90 which can be used to analyze the 
waveform of the output signal at the lead 70. The oscilloscope 
can also be connected immediately after the analog transmission 
gate 66 to evaluate the overall waveform of the signal. 

The electronic components in the above recited system 
are well known in the art and can be selected by a person of 
ordinary skill in the art and from commercially available 
sources. 

Figures 7 and 8 illustrate another embodiment of the 
invention utilizing, instead of the piezoelectric f i lm mater ial , 
a material having variable resistance characteristics. Such a 
variable resistance material can comprise a graphite-impregnated 
foam, or a rubberized material of known type which also exhibits 
variable resistance characteristics upon mechanical compression. 

Figure 7 illustrates a cross-sectional view of a vest, 
such as 14, 16, in which such a variable resistance material is 
employed. The vest, seen in cross-section, includes protective 
foam layers 92, 94, between which is sandwiched a layer 96 of the 
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variable resistance material. The opposite sides of the variable 
resistance material are coated with a thin metallic layer (not 
shown in Figure 7> but which is similar to the metallic layers 
which coat the piezoelectric material described in connection 
with Figure 3 above. Electrical leads 98, 100, are coupled re- 
spectively to these opposing metal 1 ic layers. 

Figure 8 shows an example of a simple series circuit 
which can be employed to sense the occurrence and/or force of 
blows directed against the portion of the vest material shown in 
Figure 7. An electrical source 102 provides a voltage which 
extends, by way of a resistor 103 and leads 98, 100, across the 
variable resistance material 96 of the vest. A current register- 
ing device 104 is coupled in series with the leads 98, 100. When 
a constestant wearing the vest having structure such as shown in 
Figure 7 is struck with a blow, the variable resistance layer 96 
is compressed, and the resistance between the leads 98, 100 is 
substantially reduced. This causes an increase in the current 
flowing through the circuit as shown in Figure 8, and an increase 
in the reading shown on the airperoneter 104. The output of the am- 
peremeter 104 can be employed in a manner analogous to that described 
above in connection with Figure 6 to provide an output indicating 
the occurrence and/or force of a blow, which may easily be mon- 
itored by match officials. 
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Practice Equipment Embodiments 

Embodiments of the present invention can be employed in 
stationary training equipment, as well as in protective garments 
worn by participants in sports contests. Figure 9, for example, 
shows a heavy punching bag 200 suspended from a fixed support by 
hanging structure 202 . The punching bag 200 (shown in top view 
in Figure 10) bears a panel 204 which is pressure sensitive, and 
which embodies the piezoelectric film and electrically conductive 
layer structure described in Figure 3 as worn in a competitor's 
vest. 

The panel 204 comprises a portion of piezoelectric film 
material sandwiched between metallic foil layers, as described in 
connection with Figure 3. Leads 206, 208 are connected respec- 
tively to the opposite metallic foil layers and are directed to 
electronic apparatus 210 comprising circuitry and apparatus sim- 
ilar to that described in connection with Figure 6. The panel 
204 is appropriately covered with a protective material to in- 
hibit damage to the layers constituting the panel 204. 

When the panel 204 on the punching bag 200 is struck by 
a fighter practicing his techniques by the use of the bag, an 
electrical signal is produced at the lead 206, 208 indicating the 
occurrence and amount of force of the applied blow. This signal 
is directed to the electronic apparatus 210 which provides, in a 
manner analogous to that described above, various indications of 
the occurrence and the force of the applied blow. 
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Figure 11 illustrates another type of training device, 
sometimes known as "striking pad", indicated generally at 220. 
The striking pad comprises a layer of high density closed cell 
foam, such as the material known by the trademark ENSOLITE. A 

5 rectangular panel 222 is attached to one side of the striking 
pad. The panel 222 includes a portion of piezoelectric film 
sandwiched between a pair. of metallic foil layers similar to that 
described in connection with Figure 3. As in the case of the 
punching bag 200, the panel 222 is covered with a material suit- 

10 able for inhibiting damage to the panel. Leads 224, 226 are 
respectively connected to the metallic foil layers. 

The striking pad 220 is commonly mounted to a wall or 
other fixed structure, and a practicing fighter strikes it with 
hands or feet in order to practice his technique. When the panel 
222 is struck, it produces a signal at the leads 224, 226 indi- 
cating the occurrence and force of the applied blow. The signals 
at the leads 224, 226 are directed to electronic apparatus 230, 
also shown generally in Figure 11. The electronic apparatus 230 
includes various types of apparatus and circuitry for providing 

2Q tangible indication of the occurrence and force of applied blows, 
similar to those described in connection with Figure 6, and which 
can easily be selected and implemented. 
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Practice equipment analogous to that described here can 
be employed in virtually all contact sport training equipment, 
such as football blocking dunmles and sleds, pads, baseball bats 
and gloves, targets of various kinds, lacrosse and hockey sticks, 
and many others. 

Figure 12 illustrates an embodiment of the present 
invention similar to the "striking pad" of Figure 11 but designed 
specifically for the purpose of measuring the velocity of an 
object, in this instance, a baseball. Obviously this also could 
be applied to hockey pucks, tennis balls, golf balls, etc. where 
velocity is a significant parameter to be measured. A preferred 
embodiment of the baseball velocity measuring device includes a 
back supporting plate 300 which can be formed from a relatively 
rigid material, such as an acrylic like LEXAN or steel, where the 
LEXAN has a thickness of approximately 6.35 mm to 12.7 mm. 

A thin layer of deformable material 302 is fastened to the 
supporting plate 300 by means of gluing, two-sided tape, etc. 
The deformable material may be a solid or foamed rubber material, 
such as SORBOTHANE , in one embodiment, 3.17 mm in thick- 



ness . 



MYLAR encased piezolelectric film elements 304 are 
fastened by means of a suitable adhesive or double-sided tape to 
the thin layer of deformable material 302 . While' most adhesives 
or double-sided tape are sufficiently deformable, use of a rubber 
material in a thin layer is preferred. A solid sheet of piezo- 
electric film can be utilized or a plurality of mechanically 
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separate, electrically connected piezoelectric film element, can 
be utilized. Where the baseball velocity measuring pad ha . a 
frontal area of 30.5 on by 30.5cm, transducer strip. 

2.54 cm by 25.4 cm ' spaced approximately 6.35 mm to 38.1 m 
apart can be employed. The electrical attachment 306 would be 
provided to a velocity readout 310 or any other suitable measur- 
ing and/or recording device 230 as shown in Figure 11. 

A deformation distribution layer 307 can be of a mater- 
ial the same as or different from that in the deformable layer 
302, covers the transducer piezoelectric film 304 and is attached 
by means of a suitable adhesive or two-sided tape. The layer 307 
serves to distribute deformation loads over transducer elements 
in the multiple elements embodiment and serves to dampen secon- 
dary vibrations in the solid sheet embodiment. Optionally a 
15 cover of nylon or canvass can enclose the deformable material so 
as to provide additional protection: It has-been found advan- 
tageous to utilize transducers having a MYLAR protecting fii m of 
at least 4 microns in .thickness to increase the durability of the 
piezoelectric film. 

Wnen baseb.ll 308 strike. d.fo,m.bl. layer 307 the 
ln.b.0. defonns ,h, pi. M „. etrlc aia 3H e<OTpr ,„,„ e (he thlnner 
deferable la „er 302 „,.„„„„„. The ^ 
rates en „ ulput v<>1U(te r , preMnt . tlve 0 , , he (moi]nt an<j ^ ^ 
strain tba, , r .„ sducer fllm „ u|< sign>) j$ 

viewed on an oseilleseop, „ „,„ vlry ovep ^ ^ ^ 

■ncre.se „, sig „., output „„„,..„ Qf ^ ^ 
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of the baseball, i.e., how quickly the material is deformed. The 
peak voltage is the maximum deflection of the piezolelectr ic film 
during the impact and is indicative of the force of the impact. 
It can be seen that the area under the signal versus time curve 
is representative of the momentum of the baseball and also serves 
as an accurate indication of velocity since the mass of a base- 
ball is a carefully controlled known. Any suitable readout unit 
can integrate the output signal of transducer 304 to provide the 
area under the curve with a suitable calculation to provide a 

I direct velocity readout. By merely changing the conversion 
factor (based upon the mass of the object) with which the area 
under the curve information is processed, the device can be eas- 
ily changed to indicate the velocity of any other object if the 
mass of that object is known. Thus in one embodiment a multiple 

> position switch could serve to indicate the velocity of a base- 
ball, softball, golf ball, hockey puck or tennis ball with a high 
degree of accuracy. Tests have indicated that with respect to 
the baseball embodiment, such a pad is at least as accurate as 
the more conventional "radar gun n used to record a baseball's 

3 velocity. It is believed that the complete target pad and read- 
out device 310 can be marketed for perhaps one-fifth of the cost 
of a radar gun. Furthermore, separate areas of the target pad 
could be designated as having a higher or lower value to place a 
premium on accuracy when used as a training device. Thus if the 

^ pitch (in the baseball embodiment) was directly on the bulls eye 
of the target, this could be indicated. Therefore the embodiment 
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of Figure 12 is believed to be particularly advantageous in pro- 
viding an inexpensive, yet highly accurate, means of measuring at 
least the velocity of an object and particularly useful with 
respect to measuring the velocity of a thrown baseball. 

It should be understood that the embodiment described 
incorporating piezoelectric film for scoring detection does more 
than indicate merely gross force applied in the administration of 
a blow. True, the amplitude of the voltage signal from the 
transducer is a function of applied force. More information 
about the blow, however, is indicated by the transducer output 
voltage signal. 

More specifically, the waveform of the transducer out- 
put voltage carries information describing the velocity of an 
incident blow, as well as the duration of contact made by the 
blow on the recipient. The velocity of the blow is a function of 
the slope of the leading edge of the waveform produced by the 
transducer in response to the blow. The greater the slope, the 
faster the blow is administered. 

The duration of the blow is a function of the width of 
the first positive-going peak of the transducer output signal. 
The greater the width, the longer the duration. The output wave- 
form thus defines a "signature" of the administered blow. Test- 
ing has shown that a legal scoring blow produces a waveform hav- 
ing a particular signature. For instance, a non-scorine blow 
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delivered by, for instance, an elbow, seldom possesses the veloc- 
ity of a scoring blow administered with a hand or foot. Addi- 
tionally, the duration of the first peak signal indicates the 
degree of penetration of the blow. 

The described embodiment can be supplemented by the 
addition of a device to monitor and retain a representation of 
the delivered blow. Such device can comprise a strip chart re- 
corder, or a known type of oscilloscope such as 90 in Figure 6, 
having capability of retaining for a time a display of a detected 
waveform. 

A judge or match official viewing such a display can 
evaluate the quality of the blow it represents. In full contact 
matches, an optimum blow is indicated by high force (amplitude) 
and high velocity (slope). A good blow also possesses a charac- 
teristic duration dependent on some physical variables, such as 
the degree of resiliency of the vest material. Duration should 
be sufficiently long to indicate sufficient penetration, but not 
so long as to dissipate its force over an excessive period of 
time. 

One method of providing a benchmark signature indicat- 
ing a standard for a good blow is to have a fighter of known high 
skill deliver several blows to a transducer under fighting con- 
ditions. The official studies the displayed waveforms and can 
quantify the attributes identified above. Subsequent blows de- 
livered in actual matches are then compared with the standard for 
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evaluation. Such evaluation can be performed as well with the 
transducer apparatus used in the practice equipment and contact 
scoring embodiments. 

The various audio and visual indicators described In 
Figure 6, and their power supplies, can optionally be mounted on 
the fighters' vests and provides a completely portable unit, with 
no need of remotely located blow indicator elements. 

Figures 13, 14 and 15 illustrate embodiments of the 
present invention applied to protective headgear, gloves and 
footwear, respectively. Each of these embodiments comprise 
piezoelectric transducer elements 320 sandwiched between layers 
of shock attenuating foam 322 and 324. With respect to the 
Figure 13 embodiment, the location of the transducer 320 would be 
in designated vital areas of the head. With respect to the^ pro- 
tective boxing gloves and/or footwear, the transducer location 
would be on the legal striking surfaces of the glove or the pro- 
tective footwear similar to the white portion of an Olympic box- 
ing glove. Under these circumstances, only impacts deforming the 
transducers in the vicinity of these legal striking areas will 
provide output signals from the transducer. 

The protective headgear serves to provide an indication 
of the velocity and force of impact applied to a contestant's 
head. By transmitting a signal indicative of the transducer 
generated signal, an indication of impacts that a contestant is 
sustaining can be monitored by individuals at a remote location; 
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for example, a medical doctor in a karate or boxing match. If a 
fighter accumulates a dangerous number of impacts the match can 
be terminated by the doctor in much tne same manner as is cur- 
rently done by a TKO. The advantage of the present system is 

5 that it does not depend upon the contestant's response to estab- 
lish the likelihood of impending brain damage if the fight con- 
tinues} i.e., if the contestant has suffered a given amount of 
impact force to the skull it is not necessary that he appear 
groggy or dazed to the ring referee. The fight can be terminated 
0 by the outside medical doctor, thus preventing or at least reduc- 
ing the risk of serious injury and death because a fight is not 
promptly terminated. 

The protective glove and footwear in Figures 14 and 15 
provide indications at remote locations by way of transmitters 

.5 326 which are indicative of the impact or force delivered. This 
^would be extremely useful in monitoring the progress of combat- 
ants to determine whether they are landing punches (from a scor- 
ing standpoint) and/or whether the punches are carrying the de- 
sired level of impact (from a training standpoint). 

IQ With regard to construction, in preferred embodiments 

of the headgear and footwear, the inner foam layer 324 is formed 
or molded from a soft shock attenuating foam such as "SPORTCELL" 
and is approximately 9.51 mm thick. Individual piezoelectric 
film elements are mounted on the "vital" scoring area in the 

25 headgear and in the legal hitting area of the footwear and in a 
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preferred embodiment can be 25.4 m wide and as long as necessary 
to cover the sensing area. If multiple strips are used they can 
be spaced approximately 12.7 mm apart. Lamination can be ac- 
complished with either double-sided tape or adhesive as previous- 
ly discussed. An outer foam layer 322 in a preferred embodiment 
is slightly thicker at 15.85 ran and serves to sandwich the trans- 
ducer therein. 

In the glove embodiment, Figure 14, the foam layers 
would have thicknesses of approximately 6.35 nm to 12.7 nm of foam 
for each layer with the strips spaced and located in the manner 
of the sensing headgear and footwear. The transmitter 326 in 
each embodiment is electrically connected to the transducer 320 
and preferably transmits a signal representative of the trans- 
ducer output to a remote location for subsequent analysis. Such 
a remote receiver could be similar to that illustrated in Figure 
6. 

Thus, in accordance with the above embodiments, the 
analysis of impacts to a fighter's body or by a fighter to an 
opponent can serve as a basis for scoring a match as well as for 
determining a fighter's physical condition. Such devices would 
also be advantageous during radio and TV broadcasts of boxing and 
other combat-type matches providing commentators with a virtually 
instant indication of the strength and effectiveness of in- 
dividual blows. 
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In accordance with the above disclosures, it will be 
obvious to those of ordinary skill in the relevant arts that many 
modifications, revisions and implementations to the present in- 
vention will be obvious. For example, different types of foams, 
such as Uni royal's ENSOLITE product line, RUBATEX 338-V and 310-V 
line or United Technologies 722.22 and 722.12 line could be used. 
Various liquid adhesives compatible with MYLAR and vinyl/urethane 
foams would be suitable along with double-sided tape such as 
FASTAPE 340 available from Avery International in Painsville, 
Ohio. Various piezoelectric materials can be utilized although a 
preferred embodiment utilizes PVDF polymer film that is 28 
microns in thickness available from Pennwalt. In preferred em- 
bodiments, piezoelectric film transducer elements 25.4 irm wide in 
lengths from 7.62 cm to 50.8 cm depending on the length required are 
available from Pennwalt. 

It is to be understood that this description is in- 
tended as illustative, rather than exhaustive, of the invention. 
Persons of ordinary skill in the relevant art may make certain 
additions to, deletions from, or changes in the embodiments de- 
scribed in this disclosure without departing from the spirit or 
the scope of the invention, as set forth in the appended claims. 
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Claims 

1- An apparatus for indicating at least one charac- 
teristic (velocity, force and/or energy) of an externally applied 
impact to a deformable object, said appratus comprising: 

flexible transducer means, responsive to said 
impact, for providing an analog output; 

means for mounting at least a portion of said 
transducer means proximate said object; and 

means, responsive to said analog output, for in- 
dicating at least one characteristic of said impact, wherein said 
flexible transducer means comprises an active means for generat- 
ing an electrical ^output in response to said impact and said 
generated electrical output comprises said analog output. 

2. The apparatus according to Claim 1, wherein said 
active means comprises at least a piezoelectric material . 

3. The apparatus according to Claim 2, wherein said 
at least a piezoelectric material comprises a plurality of phys- 
ically separated, electrically connected piezoelectric materials. 

4. The apparatus according to Claim 3, wherein said 
flexible detector further includes at least two layers of flex- 
ible material with said plurality of piezoelectric materials 
sandwiched therebetween. 
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5. The apparatus according to Claim 2, wherein said 
active means further includes at least two layers of flexible 
material with said piezoelectric material sandwiched therebe- 
tween. 

> 6, The apparatus according to one of Claims 2, 3, 4 

or 5, wherein said mounting means comprises means for mounting 
said flexible transducer means on an object not attached to a 
human body. 

7. The apparatus according to Claim 6, wherein said 
10 object is a fixed structure and said flexible transducer mounting 

means includes means for mounting said flexible transducer means 
on said fixed structure. 

8. An apparatus for indicating velocity with which 
an object strikes a target pad, said apparatus comprising: 

15 a fixed backing plate having a front side; 

a layer of deformable material affixed to said 
front side of said backing plate; 

at least a portion of piezoelectric transducer 
means affixed to said deformable material; and 
20 indicator means, responsive to said analog output 

of said piezoelectric transducer means, for calculating the 
velocity of said object based upon said analog output and a known 
mass of said object. 
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9. The apparatus according to Claim 6, wherein said 
object is a deformable structure and said flexible transducer 
mounting means includes means for mounting said flexible trans- 
ducer on said deformable structure. 

10. The apparatus according to Claim 9, wherein' said 
analog output has at least one characteristic such as initial 
rate of increase and said indicator means includes means, respon- 
sive to said initial rate of increase, for signifying velocity of 
said impact. 

11. The apparatus according to Claim 9, wherein said 
deformable structure comprises a punching bag and said flexible 
transducer mounting means includes means for mounting said flex- 
ible transducer on said punching bag. 

12. The apparatus according to Claim 6, wherein said 
15 object comprises a dummy. 

13. The apparatus according to one of Claims 2, 3, 4 
or 5, wherein said mounting means comprises means for mounting 
said flexible transducer on a human body. 

14. The apparatus according to Claim 13, wherein said 
20 flexible transducer mounting means comprises a vest. 
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15. The apparatus according to Claim 13, wherein said 
flexible transducer mounting means comprises a protective head- 
gear. 

16. The apparatus according to Claim 13, wherein said 
5 flexible transducer mounting means comprises a protective glove. 

17. The apparatus according to Claim 13, wherein said 
flexible transducer mounting means comprises protective footwear. 

18. The apparatus according to Claim 1, wherein said 
indicator means comprises: 

*° transmitter means, responsive to said analog 

output, for transmitting a signal representative of said analog 
output to a remote location; and 

receiver means, responsive to said transmitted 
signal, for providing an indication of said at least one charac- 

15 teristic of said impact at said remote location. 

19. The apparatus according to one of Claims 1 or 18, 
wherein said analog output has at least one characteristic, such 
as an initial rate of increase, a peak amplitude and a duration, 
and said indicator means includes means, responsive to said at 

20 least one of said analog output characteristics, for signifying 
at least a corresponding characteristic (velocity, force, energy) 
of said impact. 
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20. The apparatus according to Claim 19, wherein said 
signifying means includes means for comparing at least one of 
said analog output characteristic with at least one predetermined 
characteristic and for indicating said comparison results. 

21. A method of indicating at least one character- 
istic (velocity, force and/or energy) of an externally applied 
impact to a deformable object, said method comprising the steps 
of: 

providing a flexible transducer means, responsive 
to said impact, for generating an analog output; 

mounting at least a portion of said transducer 
means proximate said object; 

impacting said deformable object in the region of 
said transducer; and 

indicating, in response to said generated analog 
output, at least one characteristic of said impact. 

22. A method of indicating at least one character- 
istic (velocity, force and/or energy) of an impact applied to a 
training device by at least one individual, said method compris- 
ing the steps of: 

providing a transducer means, responsive to said 
impact for generating an analog output; 

mounting at least a portion of said transducer 
means proximate said training device; 
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impacting said training device; and 
indicating, in response to said electrical analog 
signal output, at least one characteristic of said impact. 

23. A method of indicating at least one character- 
istic (velocity, force and/or energy) of an impact to a first 
practitioner by a second practitioner in a contact sport, said 
method comprising the steps of: 

providing said first practitioner with a flexible 
transducer means, responsive to said impact, for generating an 
analog output; 

mounting at least a portion of said transducer 
means on said first practitioner; and 

providing an indicator means, responsive to said 
analog output, for indicating said at least one characteristic of 
said impact to said first practitioner. 

24. A method of indicating at least one character- 
istic (velocity, force and/or energy) of an externally applied 
impact to a deformable object, said method comprising the steps 
of: 

providing a transducer means, responsive to said 
impact, for generating an analog output; 

mounting at least a portion of said transducer 
means proximate said object; 
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delivering a calibration impact to said object 
and recording said at least one characteristic of said calibra- 
tion impact; 

comparing said at least one characteristic of 
said calibration impact with a corresponding characteristic of 
subsequent impacts to said object; and 

indicating the results of said comparison with 
each subsequent impact. 

25. The method according to Claim 23, wherein said 
contact sport comprises fencing and said impact is contact be- 
tween a weapon held by said second practitioner and said flexible 
transducer means mounted on said first practitioner. 
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